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ABSTRACT
The combination of transverse momentum and polarization eects in hard
scattering processes, e.g polarized deep-inelastic leptoproduction, results in
a rich variety of information on the hadronic structure. This information is
encoded in a correspondingly large number of functions depending on both,
longitudinal fractional momenta x and transverse momenta p
T
. Integration
over transverse momenta establishes the connection to the usual distribution
and fragmentation functions. Constraints from hermiticity and invariance un-
der parity operation induce some relations between dierent functions.
One specic aspect of the information on the hadronic structure is the appear-
ance of time reversal odd fragmentation functions due to the non-applicability
of time-reversal invariance for the hadronization of a quark. T-odd fragmen-
tation functions are experimentally accessible via the measurement of, for








Figure 1: Diagram of the leading
conributions to 1-particle inclusive
leptoproduction.
The basic ingredient of the diagrammatic approach
to hard scattering processes [1] is the assumption that
the hadronic tensor factorizes in hard and soft parts
separated by dierent powers of a hard scale Q. The
information on the hadronic structure is encoded in
hadronic matrix elements of quark (and, in general,
gluon) elds, conveniently parametrized in distribu-
tion (DF) and fragmentation functions (FF). The
leading contributions to 1-particle inclusive leptopro-
duction from the 'handbag' diagram (Fig.1) involve
the non-local hadronic matrix elements

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1
describing the decay of a quark, thereby, amongst others producing the one observed




). Both objects,  and , are
hermitian and reveal symmetries under discrete transformations: both are parity in-
variant, whereas only  is invariant under time reversal, as well. The time reversal
operation relates in-states to out-states and thus  has no simple symmetry properties





) consistent with the hermiticity properties of the eld and invariance under



















































































































Hermiticity requires all the coecient functions B
i
to be real. The additional constraint












In this sense, those coecient functions are refered to as time reversal odd (or, in short,
T-odd).
The object appearing in the diagrammatic expansion is the k
+
-integrated hadronic ma-


















































































































































































































The generalized FF's depend on the longitudinal momentum fraction z and on the trans-
verse momentum k
T
and consist of (integrated) linear combinations of the coecient
functions B
i
. Since, there are more FF's | 21 up to O(1=Q) | than the 12 indepen-
dent coecient functions B
i
, a number of relations is expected. Indeed, exploiting the
connection between the FF's and the B
i
leads to nine relations. Focussing here on the





















































































































Here, the upper index (1) denotes the rst moment in k
T
. The relations follow directly
from the hermiticity properties of the elds and parity reversal invariance; the RHS's of
(6), (7), and (8) assume not too singular end-point behaviour.
One particularly important example for the occurence of T-odd FF's is the dieren-
tial cross section for unpolarized electrons scattering o a transversely polarized target
provided the transverse momentum of the produced hadron is measured [3,4] .
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of the target spin vector and the momentum of the produced hadron,
respectively. The asymmetry caused by the rst term is known as the `Collins eect'
[3]. Both azimuthal asymmetries are of leading order in an expansion in powers of
1=Q. Leading order asymmetries involving T-odd FF's are possible only in experimental
quantities sensitive to transverse momentum (for a more detailed discussion on the role
of transverse momentum in deep-inelastic processes see [5]).
Another example of observables involving time reversal odd fragmentation functions is
the number asymmetry of produced hadrons in the scattering of unpolarized leptons o




































































. This is a typical example for the usefulness of
the relations (5), (6),(7) and (8).
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